Involvement of protein kinase C in nuclear migration during compaction and the mechanism of the migration: analyses in two-cell mouse embryos.
Compaction and nuclear migration occur in mouse embryos at the late eight-cell stage. It has been reported that activators of protein kinase C (PKC) increase adhesion of cells at the two-cell, four-cell, and uncompacted eight-cell stage. We report here that nuclear migration followed the increased adhesion of cells in such embryos when they were treated with PKC activators. These cellular events resembled those in normal embryos at the late eight-cell stage and were blocked by sphingosine, a PKC inhibitor. The responses were proportional to the dose of the PKC activator. Molecular analogues of the PKC activators, which do not affect PKC, did not induce these events. These results suggest an important role for PKC in initiation of nuclear migration as well as in compaction. Experiments were also conducted to identify the source of the mechanical force that moves the nucleus. Nuclear migration was suppressed in embryos pretreated with colchicine. Calmodulin is known to have effects on Ca(2+)-induced assembly and disassembly of microtubules. The calmodulin antagonists W-7 and W-5 suppressed nuclear migration. These results suggest that microtubules are essential for the migration and that nuclei are migrated via the Ca(2+)-induced, calmodulin-mediated assembly and disassembly of the microtubule networks. Together, these results obtained with PKC activators/inhibitor, colchicine, and calmodulin antagonists suggest that nuclear migration is mediated by increases in PKC activity, requires intact microtubules, and is accompanied by PKC-dependent increases in cell-cell adhesion.